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Irupxod Dssruwlrqphqw dqg Wudqvihu Sulflqj
xqghu Roljrsrolvwlf Frpshwlwlrq
Vßuhq Er QLHOVHQ
Frshqkdjhq Exvlqhvv Vfkrro dqg HSUX
Sdvfdolv UDLPRQGRV0PÛOOHU
Frshqkdjhq Exvlqhvv Vfkrro / HSUX dqg FHSU
Jxwwrup VFKMHOGHUXS
Qruzhjldq Vfkrro ri Hfrqrplfv dqg Exvlqhvv Dgplqlvwudwlrq dqg FHVlir
Wklv yhuvlrq= Rfwrehu 5333
Devwudfw
Wklv sdshu ghprqvwudwhv wkdw xqghu frqglwlrqv ri lpshuihfw +roljrsrolvwlf,
frpshwlwlrq/ d wudqvlwlrq iurp vhsdudwh dffrxqwlqj +VD, wr irupxod dssru0
wlrqphqw +ID, grhv qrw holplqdwh wkh sureohp ri surw vkliwlqj yld wudqvihu
sulflqj1 Lq sduwlfxodu/ li d!oldwhv ri d pxowlqdwlrqdo up idfh roljrsrolvwlf frp0
shwlwlrq/ lw lv ehqhfldo iru wkh pxowlqdwlrqdo wr pdqlsxodwh wudqvihu sulfhv iru
wd{0vdylqj dv zhoo dv vwudwhjlf uhdvrqv xqghu erwk ID dqg VD1 Wkh dqdo|vlv
vkrzv wkdw d vzlwfk iurp VD uxohv wr ID uxohv pd| dfwxdoo| vwuhqjwkhq surw
vkliwlqj dfwlylwlhv e| pxowlqdwlrqdov1
Fruuhvsrqglqj dxwkru= Jxwwrup Vfkmhoghuxs/ QKK/ Khoohyhlhq 63/ 8378 Ehujhq/ Qruzd|1 H0
pdlo= Jxwwrup1vfkmhoghuxsCqkk1qr
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4 Lqwurgxfwlrq
Wkh odvw ghfdgh kdv vhhq d zlghvsuhdg glvfxvvlrq rq wkh uhodwlrq ehwzhhq qdwlrqdo
wd{ v|vwhpv dqg wkh vwudwhjlf ghflvlrqv rq wkh sduw ri pxowlqdwlrqdo hqwhusulvhv
+PQHv, frqfhuqlqj wkh orfdwlrq ri wkhlu lqyhvwphqw/ surgxfwlrq dqg surwv1 Dw wkh
khduw ri wkh pdwwhu lv wkh ihdu wkdw orz0wd{ frxqwulhv pd| dwwudfw d glvsursruwlrqdwh
vkduh ri wkh dfwlylwlhv ri PQHv dw wkh h{shqvh ri kljk0wd{ frxqwulhv1
Htxdoo| zruulvrph duh wkh srvvlelolwlhv rshq iru PQHv wr vkliw lqfrph iurp kljk0
wd{ wr orz0wd{ mxulvglfwlrqv1 Vxfk lqfrph vkliwlqj fdq eh xqghuwdnhq e| fkrrvlqj
wudqvihu sulfhv iru lqwud0up wudqvdfwlrqv wkdw zrxog lqfuhdvh frvwv lq kljk0wd{ mx0
ulvglfwlrqv dqg lqfrph lq orz0wd{ mxulvglfwlrqv1 Dw suhvhqw/ wkh wd{dwlrq ri surwv
ri PQHv lv lq prvw frxqwulhv edvhg rq Vhsdudwh Dffrxqwlqj +VD, sulqflsohv1 Xqghu
VD/ wrwdo lqfrph e| wkh PQH lv glylghg dprqj lwv d!oldwhv edvhg rq hdfk d!ol0
dwh*v dffrxqwv dqg wkh dssolfdwlrq ri dq dup*v ohqjwk sulflqj vwdqgdug iru lqwud0up
wudqvdfwlrqv1 Vlqfh wkh sulfh rq vxfk lqwud0frpsdq| wudqvdfwlrqv riwhq lv qrw revhuy0
deoh lq wkh pdunhw sodfh/ qdwlrqdo wd{ dxwkrulwlhv uho| rq vhyhudo phwkrgv wr lpsxwh
wkh sulfh wkdw zrxog kdyh rewdlqhg ehwzhhq lqghshqghqw sduwlhv1 Wkhvh phwkrgv
lqyroyh hlwkhu wkh xvh ri +d, frpsdudeoh dup*v ohqjwk sulfhv iru vlplodu wudqvdfwlrqv/
+e, hvwlpdwhg frvwv soxv d surw pdujlq/ +f, wkh uhvdoh sulfh +dfklhyhg e| vxewudfwlqj
d phdvxuh ri surwv iurp wkh vdohv sulfh,/ +g, vsolw surwv +wkdw lv/ sduwlwlrqlqj ri
surwv ehwzhhq wkh yhqgru dqg wkh sxufkdvhu,/ ru +h, frpsdudeoh surw phdvxuhv14
Qrw rqo| duh wkhvh phwkrgv lpshuihfw dqg frvwo| wr dgplqlvwudwh/ exw wkh xvh ri
dup*v ohqjwk sulflqj vwdqgdugv duh qrw frruglqdwhg lqwhuqdwlrqdoo|1 Khqfh/ wkhuh lv
d srwhqwldo ri frq lfw ehwzhhq vwdwhv wkdw kdsshq wr xvh glhuhqw vwdqgdugv rq wkh
vdph wudqvdfwlrq15
Uhfhqwo| srolf|0pdnhuv dqg hfrqrplvwv kdyh srlqwhg rxw wkdw wkh sureohpv uh0
odwhg wr surw vkliwlqj dqg Wudqvihu Sulflqj +WS, xqghu VD zduudqw d vzlwfk wr d
4Wkh XV kdv uhfhqwo| hqdfwhg odzv wkdw doorz wkh xvh ri txlwh glhuhqw vfkhphv wr fxue wudqvihu
sulflqj vxfk dv wkh Frpsdudeoh Surwv phwkrg +vhh Vfkmhoghuxs dqg Zhlfkhqulhghu +4<<<,/ iru dq
dqdo|vlv, dqg wkh Dgydqfhg Sulflqj vfkhph1
5Vhh Udlprqgrv0Pûoohu dqg Vfkdui +4<<;, iru dq dqdo|vlv ri wklv lvvxh1
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v|vwhp pruh vlplodu wr wkdw sudfwlfhg e| wkh XV rq grphvwlf upv16 Zkhq wd{lqj
grphvwlf upv orfdwhg lq glhuhqw vwdwhv/ wkh XV grhv qrw uho| rq VD exw lqvwhdg rq
irupxodv wr fdofxodwh wkh wd{ edvh dssolfdeoh lq lqglylgxdo vwdwhv1 Wkhvh irupxodv lq
hhfw dssruwlrq XV dvvhwv/ vdohv/ dqg2ru sd|uroo wr dq| lqglylgxdo vwdwh lq zklfk wkh
upv rshudwh dqg wkhq xvh wkhvh vkduhv wr frpsxwh wkh edvh dssolfdeoh iru wd{dwlrq
lq wkdw vwdwh17 Wklv v|vwhp/ fdoohg Irupxod Dssruwlrqphqw +ID,/ lv e| pdq| vhhq
dv d vxshulru phwkrg ri wd{lqj pxowlqdwlrqdov/ vlqfh lw hqvxuhv wkdw PQHv fdqqrw
hydgh wd{dwlrq lq dq| vlqjoh vwdwh dv orqj dv lw kdv vrph dfwlylw| jrlqj rq lq wkdw
vwdwh1 ID/ wkhuhiruh/ lv shufhlyhg wr fxuwdlo ru hyhq holplqdwh wkh lqfhqwlyhv iru xvlqj
WS wr vkliw surwv lqwr orz0wd{ frxqwulhv1 Dowkrxjk wkhuh duh vrph glvdgydqwdjhv
uhodwhg wr wkh xvh ri ID/ iru h{dpsoh/ wkdw lw pd| xqghu fhuwdlq flufxpvwdqfhv fuhdwh
sulfh glvwruwlrqv/ wkh ryhuulglqj dujxphqw lq idyru ri ID vhhpv wr eh lwv idyrudeoh
lpsdfw ryhu VD zlwk uhvshfw wr fxuelqj wudqvihu sulflqj18
Prvw ri wkh olwhudwxuh rq surw vkliwlqj dqg wudqvihu sulflqj sd| olwwoh dwwhqwlrq
wr wkh qdwxuh ri frpshwlwlrq lq qdo pdunhwv dqg dvvxph wkdw vxevlgldulhv ri pxowl0
qdwlrqdov duh prqrsrolvwv lq wkhlu orfdo pdunhwv1 Wkh irfdo srlqw lq wkhvh sdshuv
lv krz glhuhqfhv lq qdwlrqdo wd{ v|vwhpv dv zhoo dv wdulv dhfw wkh lqfhqwlyhv wr
hqjdjh lq wudqvihu sulflqj19 Krzhyhu/ wkh qdwxuh ri frpshwlwlrq lq orfdo pdunhwv
duh pruh riwhq wkdq qrw roljrsrolvwlf +h1j1 wkh fdu lqgxvwu| ru wkh rlo lqgxvwu|,1
Xqghu roljrsro|/ lw kdv ehhq vkrzq e| Vfkmhoghuxs dqg Vßujdug +4<<:, wkdw wudqvihu
sulfhv wudgh0r wd{ lqfhqwlyhv djdlqvw vwudwhjlf lqfhqwlyhv1: Wkh vwudwhjlf uroh ri wkh
wudqvihu sulfh rffxuv ehfdxvh wkh pxowlqdwlrqdo fdq xvh wudqvihu sulflqj dv dq lqvwux0
phqw wr fdswxuh pdunhwv vkduhv lq orfdo pdunhwv dqg wkhuhe| lqfuhdvh lwv surwv1
Iru h{dpsoh/ li d!oldwhv ri d pxowlqdwlrqdo up idfh roljrsrolvwlf frpshwlwlrq/ wkh
pxowlqdwlrqdo fdq jdlq e| vhwwlqj wkh wudqvihu sulfh dw d fhqwudo ohyho dqg ghohjdwh
6Vhh h1j1 Pxvjudyh +4<:6,/ Elug dqg Euhdq +4<;9,/ PfOxuh +4<;<,/ Exfnv dqg Pd}hury +4<<6,/
dqg Vkdfnhoirug dqg Vohpurg +4<<;,1 Fdqdgd sudfwlfhv d v|vwhp vlplodu wr wkh XV dqg zlwk juhdwhu
hpskdvlv rq kduprql}dwlrq ri wd{ edvhv1 Plqw} +5333, surylghv d vxuyh| ri wkh XV dqg Fdqdgldq
wd{ uxohv xqghu ID1
7Vhh Zhlqhu +4<<9, iru d vxuyh| ri wkhvh uxohv1
8Vhh Jrugrq dqg Zlovrq +4<;9,/ iru dq dqdo|vlv ri idfwru sulfh glvwruwlrqv xqghu ID1
9Vhh h1j1 Ndqw +4<<3,/ dqg pruh uhfhqwo| Vfkmhoghuxs dqg Zhlfkhqulhghu +4<<<,1
:Vhh Vfkmhoghuxs dqg Vûujdug +4<<:,> Sursrvlwlrqv 6 dqg :1
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ghflvlrqv derxw sulfhv ru txdqwlwlhv wr lwv orfdo d!oldwhv li wklv wuljjhuv idyrudeoh
uhvsrqvhv e| orfdo frpshwlwruv1; Wr vhh zk|/ vxssrvh wkh PQH vhwv wkh wudqvihu
sulfh dw d fhqwudo ohyho/ exw doorzv lwv vxevlgldulhv wr vhw txdqwlwlhv lq orfdo pdunhwv
+Frxuqrw frpshwlwlrq,1 Li wkh fhqwudo ohyho vhwv wkh wudqvihu sulfh orz/ dq lpsruwlqj
d!oldwh ehfrphv d orz frvw up wkdw ehkdyhv djjuhvvlyho| e| vhoolqj d odujh txdq0
wlw|1 Vxfk djjuhvvlyh ehkdylru xqghu Frxuqrw frpshwlwlrq lqgxfhv lwv orfdo ulydo wr
ehkdyh vriwo| e| vhwwlqj d orz txdqwlw|1 Wkh vriw uhvsrqvh iurp wkh ulydo lv ehqhfldo
wr wkh pxowlqdwlrqdo up dv d zkroh1 Khqfh/ ghohjdwlrq fdq dfklhyh kljkhu surwv
wkdq zrxog dulvh li doo ghflvlrqv zhuh xqghuwdnhq fhqwudoo|1 Wkh lpsolfdwlrq lv wkdw
wkh wudqvihu sulfh kdv d vwudwhjlf ydoxh lq dgglwlrq wr ehlqj dq lqvwuxphqw iru surw
vkliwlqj1
Wklv sdshu xqghuwdnhv d uhh{dplqdwlrq ri wkh lpsolfdwlrqv ri Vhsdudwh Dffrxqw0
lqj dqg Irupxod Dssruwlrqphqw iru wudqvihu sulflqj dfwlylwlhv ri PQHv1 Wkh hp0
skdvlv lv rq zkhwkhu ID pd| eh suhihudeoh wr VD lq d vhwwlqj zkhuh wkh PQH kdv
ohyhudjh wr hqjdjh lq surw vkliwlqj yld WS1 Zh vkrz wkdw li frpshwlwlrq rffxuv
xqghu roljrsro| dqg ghflvlrq0pdnlqj lq pxowlqdwlrqdov duh ghfhqwudol}hg/ d vzlwfk
iurp VD wr ID zloo qrw holplqdwh wudqvihu sulflqj1 Vxfk d uhirup pd| dfwxdoo| lq0
whqvli| wkh surw vkliwlqj dfwlylwlhv ri PQHv yld wudqvihu sulflqj1 Wklv uhvxow lv ydolg
xqghu hyhq wkh prvw idyrudeoh dvvxpswlrqv iru ID lqyroylqj lqwhuqdwlrqdo djuhhphqw
ryhu erwk wkh dssursuldwh wd{ edvh wr eh xvhg iru doorfdwlqj lqfrph dqg wkh irupxod
dssruwlrqphqw zhljkwv1 Vxfk djuhhphqw lv qrupdoo| fodlphg wr holplqdwh dq| lqfhq0
wlyh wr hqjdjh lq WS +vhh Jrugrq dqg Zlovrq/ +4<;9,,1 Xqghu roljrsro|/ krzhyhu/
hyhq djuhhphqw ryhu wkhvh fuxfldo lvvxhv zloo qrw suhyhqw PQHv iurp vkliwlqj surwv
ehwzhhq frxqwulhv/ dv zh ghprqvwudwh ehorz1
Lq wkh qh{w vhfwlrqv zh surfhhg dv iroorzv1 Lq vhfwlrq 5 zh vhw xs d vwdqgdug
prgho ri d krul}rqwdoo| lqwhjudwhg PQH wkdw xqghuwdnhv lqwud0up wudgh lq qdo
;Lw lv zhoo nqrzq lq wkh Lqgxvwuldo Rujdql}dwlrq +LR, olwhudwxuh wkdw d sulqflsdo pd| jdlq h{wud
ehqhw e| klulqj dq djhqw dqg jlylqj klp2khu wkh lqfhqwlyh wr pd{lpl}h vrphwklqj rwkhu wkdq
wkh zhoiduh ri wkh sulqflsdo1 Vhh h1j1 Ylfnhuv +4<;8,/ Vnolydv +4<;:,/ dqg Ihuvkwpdqq dqg Mxgg
+4<;:,/ Ndw} +4<<4,/ dqg Edvx +4<<6,1 Wkhvh suhfrpplwphqw jdlqv kdyh ehhq vkrzq wr h{lvw hyhq
li rqh doorzv iru uhqhjrwldwlrq ri wkh frqwudfw ehwzhhq wkh sulqflsdo dqg wkh djhqw +Fdloodxg hw1do1
+4<<8,,1
7
jrrgv1 Zh wkhq surfhhg wr h{dplqh wkh wudqvihu sulflqj lqfhqwlyhv xqghu prqrsro|
zkhq ID dqg VD dssolhv/ uhvshfwlyho|1 Zh vkrz lq wkdw vhfwlrq wkdw wkh sureohp ri
wudqvihu sulflqj rq wkh sduw ri wkh PQH/ zklfk lv suhvhqw xqghu VD/ lv holplqdwhg
xqghu ID1 Vhfwlrq 6 wxuqv wr roljrsrolvwlf frpshwlwlrq e| doorzlqj rqh ri wkh d!oldwhv
wr idfh d orfdo frpshwlwru dqg lqyhvwljdwhv wudqvihu sulflqj xqghu ID dqg VD1 Lw lv
wkhq vkrzq wkdw wudqvihu sulflqj xqghu erwk ID dqg VD lv ghwhuplqhg e| erwk
vwudwhjlf lqfhqwlyhv dqg wd{ pdqlsxodwlrq frqvlghudwlrqv1 Vhfwlrq 7 frpsduhv wkh
uhvxowv xqghu VD dqg ID dqg surylghv d qxphulfdo h{dpsoh wkdw looxvwudwhv wkh
glhuhqfhv ehwzhhq VD dqg ID1 Vhfwlrq 8 rhuv vrph frqfoxglqj uhpdunv1
5 Wudqvihu sulflqj lqfhqwlyhv xqghu prqrsro|
Wkh prgho xvhg lv rqh ri krul}rqwdoo| lqwhjudwhg wudgh lq d vhfrqgdu| surfhvvhg jrrg1
Wkh PQH kdv wzr d!oldwhv/ hdfk lq rqh ri wkh wzr frxqwulhv wr eh fdoohg frxqwu|
 dqg frxqwu| 1 Erwk d!oldwhv duh lqlwldoo| dvvxphg wr eh prqrsrolvwv lq wkhlu
uhvshfwlyh pdunhwv1 Wkh d!oldwh lq frxqwu|  surgxfhv txdqwlwlhv 7 dqg 7 zlwk d
frvw ixqfwlrq  E7 n 7 c zkhuh 
 : fc   : f Txdqwlw| 7 lv vrog lq frxqwu| 
dw d sulfh  E7 c |lhoglqj uhyhqxh - E7 c zkhuh -

  fc 

 	 f Txdqwlw| 7
lv h{sruwhg wr wkh d!oldwh lq frxqwu|  dw d wudqvihu sulfh ^ dqg uhvrog lq frxqwu|
 dw d sulfh  E7 c hduqlqj uhyhqxh ri - E7 c zlwk 

 	 f dqg -

  f Lw
lv dvvxphg wkdw wkh PQH lv deoh wr sudfwlfh sulfh glvfulplqdwlrq ehwzhhq wkh wzr
pdunhwv1< Wkh surwv ri wkh d!oldwhv duh ghqhg dv
Z ’ - E7  E7 n 7 n ^7c +4,
Z ’ - E7 ^7c +5,
dqg wkh joredo ehiruh wd{ surw dv
ZA ’ Z n Z ’ - E7 n- E7  E7 n 7  +6,
Htxdwlrq +6, frpsohwhv wkh vhw xs ri wkh prgho1 Lq wkh wzr qh{w vxevhfwlrqv zh
lqyhvwljdwh wkh wudqvihu sulflqj lqfhqwlyhv e| PQHv xqghu VD dqg ID1
<Sulfh glvfulplqdwlrq lv dvvxphg wr h{lvw gxh wr pdunhw vhjphqwdwlrq1
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Irupxod Dssruwlrqphqw +ID,
Xqghu wkh ID vfkhph/ joredo surwv duh dssruwlrqhg wr hdfk frxqwu| edvhg rq
wkh dfwlylwlhv ri wkh PQH lq hdfk frxqwu| lq sursruwlrq wr wkh PQH*v zruog0zlgh
dfwlylwlhv143 Xqghu d jhqhudo irupxod dssruwlrqphqw v|vwhp/ wkh wd{ oldelolw| wr wkh
jryhuqphqw lq frxqwu|  zrxog eh htxdo wr
A ’ |

kg

g
g

n k7

7
7

n k




ZA c +7,
zkhuh
| ’ lv frxqwu| *v wd{ udwh
k ’ zhljkw jlyhq wr idfwru  lq wkh dssruwlrqphqw irupxod E
S
k ’ 
g ’ fdslwdo2surshuw| lq frxqwu|  E
S
g ’ g
7 ’ vdohv lq frxqwu|  E
S
7 ’ 7
 ’ sd|uroo lq frxqwu|  E
S
 ’  
ZA ’ wd{deoh joredo surwv dv ghqhg e| frxqwu| *v wd{ odz
Lq wkh deryh irupxod wkh sduw ri wkh pxowlqdwlrqdo*v joredo surwv zklfk lv do0
orfdwhg wr frxqwu|  lv irxqg e| zhljkwlqj wkh uhodwlyh fdslwdo vwrfn/ uhodwlyh vdohv/
dqg uhodwlyh sd|uroo ri wkdw frxqwu|1 Wr vlpsoli|/ exw zlwkrxw orvv ri jhqhudolw|/ zh
dvvxph lq rxu dqdo|vlv wkdw kg ’ k ’ f/ vr wkdw rqo| vdohv hqwhu wkh irupxod1
Lq dgglwlrq/ zh dvvxph wkdw wd{deoh surwv gr qrw glhu iurp wuxh surwv lq hdfk
frxqwu| vr wkdw ZA ’ ZA ’ Z
A
 c  9’  E| grlqj vr zh holplqdwh wkh prvw frpprq
glvwruwlrqv wkdw fuhdwh lqfhqwlyhv iru WS1 Jlyhq wkhvh vlpsoli|lqj dvvxpswlrqv/ wkh
pxowlqdwlrqdo*v wd{ oldelolw| wr wkh jryhuqphqw lq frxqwu|  lv htxdo wr
A ’ |

7
7

ZA c  ’ c
Frqvhtxhqwo|/ joredo diwhu wd{ surwv xqghu ID duh
8 ’ ZA  |

7
7

ZA  |

7
7

ZA
’ ZA wc +8,
43Wkh ID v|vwhp lv fxuuhqwo| xvhg lq wkh X1V1/ Fdqdgd/ dqg Vzlw}huodqg wr wd{ qdwlrqdo upv/
zklfk rshudwh lq pxowlsoh vwdwhv2fdqwrqv1
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zkhuh w ’ 7E3|@n7E3|
7
’  | lv htxdo wr rqh plqxv wkh dyhudjh diwhu wd{ udwh
+ghqrwhg e| |, rq joredo surwv1
Lw lv hylghqw iurp +8, wkdw hyhq li wkh PQH fdq pdqlsxodwh wkh wudqvihu sulfh
E^ zlwklq vrph olplwv/ wkh wudqvihu sulfh grhv qrw kdyh d phdqlqjixo uroh dv d surw
vkliwlqj ghylfh1 Wr vhh wklv qrwlfh iurp +8, wkdw/
Y8
Y^
’ fc +9,
vr wkdw zkhq wkh d!oldwhv duh prqrsrolvwv lq wkhlu orfdo pdunhwv/ wkh wudqvihu sulfh
grhv qrw dhfw joredo diwhu0wd{ surwv1 Wkh uhdvrq lv wkdw wkh wudqvihu sulfh fdqqrw
lqwhuihuh zlwk vdohv ghflvlrqv iru wkh wzr pdunhwv144 Htxdwlrq +9,/ wkhq/ hvvhqwldoo|
frqupv frqyhqwlrqdo eholhiv wkdw lpsrvlqj wkh ID vfkhph rq pxowlqdwlrqdov zloo
holplqdwh lqfhqwlyhv iru surw vkliwlqj1
Vhsdudwh Dffrxqwlqj +VD,
Xqghu wkh Vhsdudwh Dffrxqwlqj phwkrg ri wd{dwlrq hdfk frxqwu| lpsrvhv d wd{
rq wkh surwv jhqhudwhg zlwklq lwv frxqwu| erughuv/ l1h1 surwv duh wd{hg lq wkh
frxqwu| ri vrxufh1 Dowkrxjk uhsdwuldwhg surwv duh wd{hg lq wkh frxqwu| ri uhvlghqfh/
wkhuh lv jhqhudo djuhhphqw wkdw gxh wr ghihuudo srvvlelolwlhv dqg olplwhg wd{ fuhglw
uxohv/ wkh vrxufh sulqflsoh ri wd{dwlrq lv hhfwlyho| lq rshudwlrq +vhh Nhhq +4<<6,
dqg Wdq}l dqg Eryhqehuj +4<<3,,1 Wdnlqj wklv lqwr dffrxqw/ joredo diwhu wd{ surwv
duh jlyhq e|
7 ’ E |Z n E |Z
Li wkh pxowlqdwlrqdo sudfwlfhv wudqvihu sulflqj/ wkhq ryhu0 dqg xqghulqyrlflqj zloo
rffxu lq rughu wr plqlpl}h wd{ sd|phqwv1 Lq sduwlfxodu/ wkh PQH zloo vhw lwv wudqvihu
sulfh dffruglqj wr wkh vljq ri
Y7
Y^
’ 7E|  | +:,
Htxdwlrq +:, pdnhv lw fohdu wkdw li | : |c dqg li wkh PQH lv qrw erxqg e| wudqvihu
sulflqj uhjxodwlrq/ lwv rswlpdo kljk wudqvihu sulfh lv wkh sulfh wkdw pdnhv surwv lq
44Wd{dwlrq xqghu ID zloo lq jhqhudo lq xhqfh wkh PQH*v vdohv lq wkh wzr pdunhwv/ exw wkh hhfwv
rq vdohv uxq yld wkh irupxod iru fdofxodwlqj wkh dyhudjh wd{ udwh/ qrw yld wkh wudqvihu sulfh1
:
frxqwu|  }hur145 Vxfk d sulfh zloo vkliw doo surwv wr wkh orz wd{ frxqwu| wkhuhe|
plqlpl}lqj joredo wd{ sd|phqwv ri wkh PQH1 Li | 	 |c lw zrxog eh ghvludeoh zlwk
d orz wudqvihu wkdw vkliwv doo surwv wr wkh d!oldwh lq 1
Lq jhqhudo PQHv duh qrw dw olehuw| wr fkrrvh wudqvihu sulfhv iuhho|/ exw pxvw
dgkhuh wr dup*v ohqjwk sulfhv1 Dowkrxjk wkhvh sulfhv pd| qrw eh dffxudwh lq wkh
vhqvh wkdw wkh| holplqdwh wkh surw vkliwlqj dfwlylwlhv ri PQHv/ wkh| prvw riwhq
suhyhqw wkh h{wuhph fdvhv zh kdyh rxwolqhg deryh1 Zh hpskdvl}h/ krzhyhu/ wkdw
htxdwlrq +:, vkrzv wkdw xqghu VD/ wkh PQH kdv lqfhqwlyhv wr hlwkhu xqghu0 ru
ryhulqyrlfh wkh sulfh rq lqwud0up vdohv1 Wkxv/ rqo| lq vr idu dv wd{ dxwkrulwlhv duh
vxffhvvixo lq lpsrvlqj *wuxh* dup*v ohqjwk sulfhv fdq surw vkliwlqj eh frpsohwho|
suhyhqwhg1 Hylghqfh vxjjhvw wkdw wklv lv lqghhg yhu| gl!fxow1
Wr vxppdul}h rxu glvfxvvlrq ri wkh ID dqg VD vfkhphv vr idu/ zh pd| vwdwh=
Sursrvlwlrq 4 Xqghu prqrsro| dqg lqwhuqdwlrqdo kduprql}dwlrq ri qdwlrqdo
wd{ edvhv/ d vzlwfk iurp VD wr ID holplqdwhv wkh wudqvihu sulflqj lqfhqwlyhv ri wkh
pxowlqdwlrqdo up1
Qrwlfh wkdw wkh vxffhvv ri wkh ID vfkhph uholhv rq vrph txlwh vwurqj dvvxpswlrqv1
Lq lwvhoi/ wkh kduprql}dwlrq ri qdwlrqdo wd{ edvhv lv d iruplgdeoh wdvn1 Ixuwkhupruh/
wkh dvvxpswlrq wkdw d!oldwhv krog prqrsro| srvlwlrqv lq qdwlrqdo pdunhwv lv qrw
rqo| vwurqj/ exw dovr fohduo| dw rggv zlwk hpslulfdo revhuydwlrqv1 Lq wkh qh{w vhfwlrq
zh zloo vkrz wkdw lqwurgxflqj roljrsrolvwlf frpshwlwlrq lq dw ohdvw rqh pdunhw zloo
fdxvh lqfhqwlyhv iru WS wr uhdsshdu xqghu ID1
6 Wudqvihu sulflqj xqghu roljrsrolvwlf frpshwlwlrq
Zh lqwurgxfh roljrsrolvwlf frpshwlwlrq lqwr wkh suhvhqw vhw xs e| dvvxplqj wkdw
wkh d!oldwh lq frxqwu|  idfhv d orfdo ulydo1 Zh wdnh txdqwlw| wr eh wkh vwudwhjlf
yduldeoh lq pdunhw / exw rxu txdolwdwlyh uhvxowv gr qrw ghshqg rq wklv/ dv zh vkdoo
45D vxevlgldu|/ zklfk lv lqfrusrudwhg lq d iruhljq frxqwu| fdqqrw jdlq dq| wd{ dgydqwdjh e| vkrz0
lqj orvvhv lq wkh iruhljq frxqwu| vlqfh vxfk orvvhv lq prvw frxqwulhv fdqqrw eh ghgxfwhg djdlqvw krph
surwv1 Zh dvvxph iru vlpsolflw| wkh devhqfh ri dq| fduu|0iruzdug ru fduu|0edfnzdug surylvlrqv
+l1h1/ wkh shulrg frqvlghuhg pd| eh shufhlyhg dv orqj hqrxjk iru vxfk vwudwhjlhv wr eh h{kdxvwhg,1
;
vhh zkhq zh glvfxvv sulfh frpshwlwlrq odwhu rq1 Wkh frpshwlwru fkrrvhv rswlpdoo|
d txdqwlw| 7W Jlyhq wkh frpshwlwru*v vdohv/ wkh d!oldwh ri wkh PQH lq frxqwu| 
hduqv d uhyhqxh ri - E7c 7
W
 c zlwk Y
2-*Y7
2
  fc dqg Y-*Y7
W
 	 f +vr wkh wzr
surgxfwv duh vxevwlwxwhv,1 Wd{deoh joredo surwv ri wkh pxowlqdwlrqdo duh ghqrwhg
+dv ehiruh,
ZA ’ Z n Zc
zkhuh surwv e| wkh d!oldwh lq frxqwu|  qrz duh
Z ’ - E7c 7
W
 ^7c
Dv ehiruh/ Z duh surwv lq frxqwu|  Ehiruh zh h{dplqh krz wudqvihu sulfhv duh
vhw xqghu ID dqg VD/ zh h{dplqh krz wkh pxowlqdwlrqdo up zloo vhw wkh wudqvihu
sulfh lq wkh devhqfh ri wd{dwlrq1
Zkhq wkh pxowlqdwlrqdo up ghohjdwhv ghflvlrqv derxw txdqwlwlhv wr lwv d!oldwhv
lq qdwlrqdo pdunhwv/ wkh fhqwudo dxwkrulw| ri wkh PQH pxvw wdnh lqwr dffrxqw wkdw
wkh wudqvihu sulfh zloo kdyh dq lpsdfw rq wkh rxwfrph ri frpshwlwlrq lq pdunhw
1 D kljk wudqvihu sulfh/ iru h{dpsoh/ zloo pdnh wkh d!oldwh lq  lqwr d kljk0
frvw up/ zkloh d orz wudqvihu sulfh zloo kdyh wkh rssrvlwh hhfw1 Wr qg wkh
rswlpdo wudqvihu sulfh wkdw wuljjhuv wkh prvw idyrudeoh uhvsrqvh iurp wkh frpshwlwru/
wkhuhiruh/ wkh fhqwudo dxwkrulw| zlwklq wkh PQH pxvw pdnh vxuh wkdw wkh sulflqj
vwudwhj| pd{lpl}hv joredo diwhu wd{ surwv146 Wkxv/ wkh pd{lpl}dwlrq surfhgxuh kdv
wkh iroorzlqj vhtxhqfh ri pryhv1 Iluvw/ wkh fhqwudo dxwkrulw| zlwklq wkh PQH vhwv ^>
wkhq wkh d!oldwhv lq frxqwulhv  dqg  dv zhoo dv wkh orfdo frpshwlwru vhw txdqwlwlhv/
wdnlqj ^ dv h{rjhqrxvo| jlyhq1 Khqfh/ 7 ’ 7 E^ dqg 7
W
 ’ 7
W
 E^ c zkhuh  ’ c
Dv xvxdo zh vroyh wklv jdph e| edfnzdug lqgxfwlrq1 Iru jlyhq ^ wkh wzr d!oldwhv
vhw wkhlu txdqwlwlhv dffruglqj wr wkh uvw rughu frqglwlrqv/
YZ
Y7
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46Qrwlfh wkdw wkh dvvxpswlrq wkdw wkhuh lv prqrsro| lq frxqwu| D grhv qrw dhfw dq| ri rxu
uhvxowv lq d txdolwdwlyh zd|1 Lqwurgxflqj gxrsro| lq frxqwu| D zrxog/ krzhyhu/ gdpshq wkh
lqfhqwlyh wr lqfuhdvh vdohv lq E ehfdxvh ri wkh frvw olqndjh wr wkh gxrsro| lq frxqwu| D1
<
Wkh fhqwudo dxwkrulw| zlwklq wkh PQH pd{lpl}hv joredo surwv zlwk uhvshfw wr
^c dqg wkh uvw rughu frqglwlrq lv=
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zkhuh zh kdyh xvhg wkh idfw wkdw Y7W

*Y^ ’ EY7W

*Y7 EY7*Y^1
47
Wkh fhqwudo dxwkrulw| wdnhv lqwr dffrxqw wkh uhvsrqvh e| lwv d!oldwhv zkhq lw
vhwv ^ Khqfh/ xvlqj +;, lq +<,/ dqg vroylqj iru E^    zh rewdlq
^   ’ 
Y- E7c 7
W


Y7W

Y7W

Y7
 j 	 f +43,
zkhuh j   EY- E7c 7
W

 *Y7W

 EY7W

*Y7 	 f ghqrwhv wkh vwudwhjlf hhfw1
48
Htxdwlrq Ef vkrzv wkdw lq wkh devhqfh ri wd{hv/ wkh wudqvihu sulfh zloo glhu iurp
pdujlqdo frvw xqghu roljrsrolvwlf frpshwlwlrq149 Wkh vwudwhjlf hhfw lqglfdwhv wkdw
lw lv surwdeoh wr vhw wkh wudqvihu sulfh ehorz pdujlqdo frvw lq rughu wr uhqghu wkh
up lq frxqwu|  lqwr d orz0frvw up wkdw ehkdyhv djjuhvvlyho| e| lqfuhdvlqj lwv
txdqwlw|4: Wklv lv ehqhfldo iru wkh PQH vlqfh wkh orfdo frpshwlwru*v ehvw uhvsrqvh
wr vxfk ehkdylru lv wr uhgxfh lwv vdohv/ wkhuhe| doorzlqj wkh d!oldwh +dqg wkxv wkh
PQH dv d zkroh, wr hduq kljkhu surwv1 Zh fdq wkhuhiruh frqfoxgh wkdw xqghu
roljrsrolvwlf frpshwlwlrq wkh wudqvihu sulfh lq wkh devhqfh ri wd{dwlrq lv d vwudwhjlf
ghylfh/ zklfk fdq eh xvhg e| pxowlqdwlrqdov wr zlq pdunhw vkduhv1
47Vhh Wluroh +4<;;> s1 659, ru Eudqghu +4<<8> s1 473;,1
48Qrwlfh wkdw  lv wdnhq wr eh qhjdwlyh vlqfh= +l, Xqghu Frxuqrw frpshwlwlrq zh kdyh wkdw
CV

E
CVE
? 3 iru d odujh fodvv ri ghpdqg ixqfwlrqv +vhh Exorz hw1 do1 +4<;8,,/ dqg +ll, U3
V
E
? 3 vlqfh
VE dqg V

E
duh vxevwlwxwhv1
49Li doo yduldeohv zhuh ghflghg dw d fhqwudo ohyho/ wkh wudqvihu sulfh zrxog fdqfho rxw lq wkh joredo
surw ixqfwlrq1 Lq wklv fdvh wkh PQH zrxog dgmxvw vdohv lq hdfk pdunhw dffruglqj wr wkh vwdqgdug
uxoh ri pdujlqdo frvw htxdo wr pdujlqdo uhyhqxh1 Zlwk wd{dwlrq/ rqo| wkh wd{ vkliwlqj hhfw zrxog
ghwhuplqh wkh ghvludeoh wudqvihu sulfh1 Zlwk ru zlwkrxw wd{hv/ surwv ri wkh pxowlqdwlrqdo zrxog
eh orzhu xqghu fhqwudolvp1
4:Wkh frpshwlwru*v uhvsrqvh klqjhv rq wkh revhuydelolw| ri wkh wudqvihu sulfh1 Wkh pxowlqdwlrqdo
up kdv d vwurqj lqfhqwlyh wr uhyhdo wkh wudqvihu sulfh wr lwv frpshwlwlru1 Lq pdq| fdvhv wkh wudqvihu
sulfh lv revhuydeoh vlqfh fxvwrp olvwv ryhu lpsruwv dqg wkhlu sulfhv duh sxeolf lqirupdwlrq1 Vhh Ndw}
+4<<4, iru d glvfxvvlrq rq wkh lvvxh ri revhuydelolw| lq jhqhudo1
43
Lq wkh wzr qh{w vhfwlrqv zh h{dplqh krz wudqvihu sulflqj lqfhqwlyhv duh dhfwhg
e| wd{dwlrq zkhq ID dqg VD dssolhv1 Zh wkhq frpsduh krz wkh wudqvihu sulfh lv
vhw xqghu wkh wzr wd{ vfkhphv1
Irupxod Dssruwlrqphqw +ID,
Xqghu ID/ joredo surwv diwhu wd{ duh +dv ehiruh, jlyhq e|
8 ’ EZ n Z w ’ Z
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Wkh uvw rughu frqglwlrq zlwk uhvshfw wr ^ lv=
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’ f +44,
Xvlqj +;, lq +44, dqg uhduudqjlqj zh kdyh wkdw
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c +45,
zkhuh ^8 lv wkh wudqvihu sulfh xqghu ID1 Htxdwlrq +45, vkrzv wkdw wkhuh duh
wzr hhfwv suhvhqw1 Wkh uvw hhfw/ wkh vwudwhjlf hhfw Ej c lv wkh vdph dv ehiruh
dqg lqglfdwhv/ fhwhulv sdulexv/ wkdw wkh wudqvihu sulfh vkrxog eh vhw ehorz pdujlqdo
frvw1 Wkh vhfrqg whup +l1h1/ wkh vtxduhg eudfnhw, lv wkh surw vkliwlqj lqfhqwlyh ru
wd{ pdqlsxodwlrq hhfw1 Vlqfh wkh wudqvihu sulfh zloo lq xhqfh wkh txdqwlwlhv vrog
e| wkh PQH dw krph dqg deurdg/ ydu|lqj lw zloo dhfw wkh dyhudjh wd{ udwh idflqj
wkh PQH1 Li iru lqvwdqfh | 	 |/ wkhq udlvlqj ^8 zloo lqgxfh d ghfolqh lq 7 dqg
dq lqfuhdvh lq 7 Wkh zhljkw dwwdfkhg wr | lq wkh irupxod iru wkh dyhudjh wd{ udwh
lv frqvhtxhqwo| uhgxfhg/ dqg wklv orzhuv wkh dyhudjh wd{ udwh wr wkh ehqhw ri wkh
PQH1 Zh frqfoxgh wkdw xqghu ID/ wkh PQH kdv dq dgglwlrqdo lqfhqwlyh wr glvwruw
wkh wudqvihu sulfh vr dv wr vkliw surwv wr plqlpl}h lwv wd{ sd|phqwv1
Forvhu lqvshfwlrq ri wkh wd{ pdqlsxodwlrq hhfw uhyhdov wkdw lwv vljq ghshqgv rq
r}? E|  |  Li | 	 |c wkh wd{ hhfw lv srvlwlyh/ lqglfdwlqj d wudqvihu sulfh deryh
44
pdujlqdo frvwv14; Zlwk frxqwu|  d kljk wd{ frxqwu| uhodwlyh wr frxqwu| / wkh
PQH zrxog olnh wr uhgxfh vdohv lq  e| lqfuhdvlqj wkh wudqvihu sulfh vr dv wr eulqj
grzq wkh dyhudjh wd{ udwh1 Lq rswlpxp/ wkh up edodqfhv wkh ehqhwv ri lqfuhdvlqj
lwv pdunhw vkduh lq  e| vhwwlqj d orz wudqvihu sulfh +wkh vwudwhjlf hhfw, djdlqvw wkh
jdlqv iurp orzhulqj wkh hhfwlyh udwh ri wd{ +wkh wd{ pdqlsxodwlrq hhfw,1 Vlqfh wkh
wd{ pdqlsxodwlrq hhfw frxqwhudfwv wkh vwudwhjlf hhfw zkhq | 	 |c wkh rxwfrph
lv dpeljxrxv +l1h1/ ^8 U  , dqg zloo ghshqg rq wkh surshuwlhv ri ghpdqg dqg frvw
ixqfwlrqv dv zhoo dv wd{ udwhv1
Li | : |c wkh PQH zrxog olnh iru wd{ vdylqj uhdvrqv wr lqfuhdvh vdohv lq frxqwu|
 +dqg uhgxfh lwv vdohv lq , wr uhgxfh wkh exughq ri wkh kljk ohyho ri wd{dwlrq lq
frxqwu| 1 Wkh lqfhqwlyh wr vdyh wd{ lq wklv fdvh uhlqirufhv wkh vwudwhjlf hhfw
ohdglqj wr dq hyhq orzhu wudqvihu sulfh E^8 	 
1
Lw lv qrz vwudljkwiruzdug wr vkrz wkdw li sulfh lq frxqwu|  zhuh wkh vwudwhjlf
yduldeoh ehwzhhq wkh orfdo frpshwlwru dqg wkh d!oldwh ri wkh PQH/ d irupxod vlplodu
lq vwuxfwxuh wr wkdw jlyhq lq +45, zrxog dsshdu1 Lq vxfk d vhwwlqj wkh vwudwhjlf
lqfhqwlyh wdnhq dorqh zrxog glfwdwh d wudqvihu sulfh deryh pdujlqdo frvwv1 Wkh
lqwxlwlrq lv wkdw d kljk wudqvihu sulfh zloo irufh wkh d!oldwh lq  wr vhw d kljk sulfh
rq lwv qdo vdohv1 Wkh orfdo ulydo*v ehvw uhvsrqvh wr vxfk d srolf| lv wr vhw d kljk
sulfh dv zhoo1 Vxfk qrq0djjuhvvlyh ehkdylru e| wkh orfdo frpshwlwru lv ehqhfldo
wr wkh d!oldwh ri wkh PQH +dqg wkh PQH dv d zkroh,1 Wkh wd{ lqfhqwlyhv zloo lq
wklv iudphzrun eh lq wkh vdph gluhfwlrq dv ehiruh1 Iru wkh fdvh ri | 	 | wkh wd{
vdylqj lqfhqwlyh zrunv lq vdph gluhfwlrq dv wkh vwudwhjlf hhfw/ ohdglqj wr d wudqvihu
sulfh deryh pdujlqdo frvwv E^8 : 
1 Li rq wkh rwkhu kdqg | : |c wkh wd{ hhfw
zduudqwv d orz wudqvihu sulfh1 Lq wklv fdvh wkh wrwdo hhfw lv dpeljxrxv/ dqg wkh
wudqvihu sulfh pd| eh deryh ru ehorz pdujlqdo frvwv1
Vxpplqj xs/ wklv vhfwlrq kdv ghprqvwudwhg wkdw ID zloo qrw holplqdwh wudqvihu
sulflqj/ li wkhuh lv roljrsrolvwlf frpshwlwlrq lq pdunhwv1 Wklv/ krzhyhu/ grhv qrw
qhfhvvdulo| phdq wkdw d wudqvlwlrq wr ID ohdgv wr pruh wudqvihu sulflqj wkdq grhv
VD1 Lq zkdw iroorzv zh h{dplqh wudqvihu sulflqj xqghu VD/ dqg wkhq frpsduh wkh
4;Qrwlfh wkdw

CVD
CVE
VE  VD

? 3/ vlqfh iurp frpsdudwlyh vwdwlfv lw lv hdvlo| vhhq wkdw CVD
CVE
 3>
dvvxplqj wkdw wkh up lv idflqj hlwkhu frqvwdqw ru lqfuhdvlqj pdujlqdo frvwv1
45
wzr sulqflsohv ri wd{dwlrq wr vhh li rqh lqyroyhv pruh wudqvihu sulflqj wkdq wkh rwkhu1
Vhsdudwh Dffrxqwlqj +VD,
Wkh pd{lpl}dwlrq surfhgxuh xqghu VD lv wkh vdph dv wkdw xqghu ID1 Qrwlfh
wkdw vlqfh wkh PQH ghohjdwhv ghflvlrq0pdnlqj derxw txdqwlwlhv wr lwv d!oldwhv/ wkh
vhfrqg vwhs ri wkh pd{lpl}dwlrq surfhgxuh lv lghqwlfdo xqghu wkh wzr wd{ vfkhphv1
Khqfh/ wkh uvw rughu frqglwlrqv jlyhq e| htxdwlrq +;, duh ydolg dovr xqghu VD4<1
Lq wkh uvw vwdjh ri wkh pd{lpl}dwlrq surfhgxuh/ wkh fhqwudo od|hu ri wkh PQH/
pd{lpl}hv
7 ’ E | Z n E | Zc
zlwk uhvshfw wr ^1 D pdujlqdo fkdqjh lq ^ kdv wkh iroorzlqj hhfw rq joredo diwhu
wd{ surwv/
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Uhduudqjlqj +46,/ xvlqj +;,/ zh rewdlq wkh rswlpdo wudqvihu sulfh/ ^ ’ ^7c dv
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Dv xqghu ID +fi1 htxdwlrq +45,,/ wkh uvw whup lq +47, uhsuhvhqwv wkh vwudwhjlf
hhfw/ zkloh wkh odvw whup vwdqgv iru wkh wd{ pdqlsxodwlrq hhfw1 Lq wkh fdvh ri }hur
ru lghqwlfdo wd{ udwhv/ wkh sulflqj uxoh ehfrphv lghqwlfdo wr wkdw rewdlqhg xqghu ID/
wkdw lv/ ^    ’ j 	 fc dv wkh vwudwhjlf hhfwv duh wkh vdph/ dqg wd{ pdqlsxodwlrq
hhfwv duh devhqw1
Li | : |c lw lv surwdeoh iru wd{ vdylqj sxusrvhv wr fkdujh d wudqvihu sulfh
deryh pdujlqdo frvwv wkhuhe| vkliwlqj surwv wr wkh d!oldwh lq wkh orz wd{ frxqwu|
 Wkh wd{ prwlyh lq wklv fdvh dfwv djdlqvw wkh vwudwhjlf hhfw/ dqg wkh wrwdo rxwfrph
ghshqgv rq wkh uhodwlyh pdjqlwxgh ri wkh wzr hhfwv1 Li | 	 |/ wkh PQH iru wd{
4<Iru d ixoo irupdol}dwlrq ri wkh ghohjdwlrq dssurdfk xqghu VD vhh Vfkmhoghuxs dqg Vûujdug
+4<<:,1
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uhdvrqv zlvkhv wr vhw ^7 	 
/ dqg wklv lv lq dffrugdqfh zlwk wkh vwudwhjlf hhfw1
Wkh rxwfrph lv wkhuhiruh d wudqvihu sulfh ehorz pdujlqdo frvw1
Li sulfh zdv wkh vwudwhjlf yduldeoh ehwzhhq wkh orfdo frpshwlwru dqg wkh d!oldwh/
lw fdq eh vkrzq +vhh Vfkmhoghuxs dqg Vßujdug/ 4<<:, wkdw wkh vwudwhjlf lqfhqwlyh
dorqh zrxog glfwdwh d kljk wudqvihu sulfh1 Wkh lqwxlwlrq lv wkh vdph dv wkdw jlyhq
xqghu ID1
Zh fdq vxppdul}h rxu qglqjv lq wklv vhfwlrq e| wkh iroorzlqj vwdwhphqw/
Sursrvlwlrq 5 Xqghu roljrsrolvwlf frpshwlwlrq/ erwk wkh ID dqg wkh VD vfkhphv
surylgh lqfhqwlyhv iru wudqvihu sulflqj1
Zkhwkhu rqh vfkhph lqgxfhv pruh wudqvihu sulflqj wkdq wkh rwkhu lv wkh wrslf ri
wkh qh{w vhfwlrq1
7 Frpsdulvrqv ri Uhvxowv
Wkh sxusrvh ri wklv vhfwlrq lv wr frpsduh krz PQHv vhw wkh wudqvihu sulfh xqghu ID
dqg VD1 Zh froohfw rxu uhvxowv iurp wkh suhylrxv vhfwlrq lq wkh wdeoh ehorz +uhihuulqj
wr +45, dqg +47,,=
Wdeoh 4
Irupxod Dssruwlrqphqw Vhsdudwh Dffrxqwlqj
| ’ | ^8 ’ ^7 	 
 ^8 ’ ^7 	 

| : | ^8 	 
 ^7 	 

| 	 | ^8 U   ^7 U  
Wdeoh 4 vkrzv wkdw wkh lqfhqwlyhv iru wudqvihu sulflqj xqghu wkh wzr vfkhphv
txdolwdwlyho| kdyh wkh vdph surshuwlhv1 Krzhyhu/ rqo| li wd{hv duh }hur ru kduprql}hg
gr wkh wzr vfkhphv |lhog wkh vdph wudqvihu sulfh1 Wr jdlq ixuwkhu lqvljkw lqwr wkh
wudqvihu sulflqj ehkdylru xqghu VD dqg ID zh vxewudfw +47, iurp +45,1 Lw lv wkhq
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wkh fdvh wkdw ^8  ^7 	 f li dqg rqo| li
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8 	 f +48,
Wkh uvw whup lq +48, lv wkh glhuhqfh ehwzhhq wkh vwudwhjlf hhfw xqghu ID dqg
VD +l1h1/ j j7,1 Iurp rxu suhylrxv glvfxvvlrq lw iroorzv wkdw wkh vwudwhjlf hhfwv
glfwdwh d orz wudqvihu sulfh1 Zh pd| wkxv vwdwh=
Sursrvlwlrq 6Wkh PQH zloo kdyh vwurqjhu lqfhqwlyhv iru vwudwhjlf uhdvrqv dorqh
wr xqghulqyrlfh xqghu VD wkdq ID li | : | Edqg ylfh yhuvd iru | 	 |
Wkh uhdvrq lv wkdw xqghu VD/ surwv lq hdfk frxqwu| duh vxemhfw wr wkh qdwlrqdo
wd{ udwh1 Wkh lpsdfw ri wkh wudqvihu sulfh dv d vwudwhjlf zhdsrq xqghu VD wkhuhiruh
ghshqgv rq wkh uhodwlyh wd{ udwhv dv h{suhvvhg e| wkh udwlr E | * E |1 Zkhq
| 	 |/ wkh iudfwlrq lv ohvv wkdq rqh/ uhgxflqj +lq devroxwh ydoxh, wkh hhfwlyhqhvv
ri wkh wudqvihu sulfh1 Xqghu ID joredo surwv duh wd{hg e| wkh vlqjoh udwh | vr wkh
*vwudwhjlf sduw* ri wkh wudqvihu sulfh pxvw qrw eh zhljkwhg e| qdwlrqdo wd{ udwhv1
Wxuqlqj wr h{dplqh wkh odvw whup +wkh vtxduh eudfnhw, 0 zklfk lv wkh glhuhqfh
ehwzhhq wkh wd{ pdqlsxodwlrq hhfwv 0 lw dsshduv iurp +48, wkdw lw pd| lq sulqflsoh
eh ri hlwkhu vljq1 Khqfh/ ixuwkhu dvvxpswlrqv duh qhhghg wr dvfhuwdlq zkhwkhu wd{
vdylqj frqvlghudwlrqv glvwruw wudqvihu sulfhv pruh xqghu ID wkdq xqghu VD1 Lq zkdw
iroorzv zh vkdoo surylgh d qxphulfdo h{dpsoh zklfk doorzv xv wr h{dplqh wkh lvvxh
ri wkh uhodwlyh vl}h ri wudqvihu sulfhv xqghu wkh wzr ulydo lqwhuqdwlrqdo wd{ uhjlphv lq
juhdwhu ghwdlo1
D Qxphulfdo H{dpsoh
Wr vlpsoli| zh dvvxph d olqhdu ghpdqg ixqfwlrq lq frxqwu|  ri wkh w|sh  ’
 7 Wkh lqyhuvh ghpdqg ixqfwlrq iru wkh wzr frpshwlwruv lq frxqwu|  lv  ’
77
W
c vr wkh wzr jrrgv duh shuihfw vxevwlwxwhv1 Pdujlqdo frvwv duh qrupdol}hg
wr }hur E  ’ f 53 Zh vhw | ’ f dqg ohw | ydu| ehwzhhq }hur dqg xqlw|1 Iljxuh
4 vkrzv wkh uhvxowv ri wkh qxphulfdo vlpxodwlrqv1 Wkh wzr wudqvihu sulflqj irupxodv
53Wklv dvvxpswlrq zhdnhqv wkh wd{ hhfw xqghu ID vlqfh wkh whup +CVD@CVE,VE lv holplqdwhg
iurp wkh rswlpdo sulflqj irupxod lq +45,1 Krzhyhu/ qxphulfdo vlpxodwlrqv 0 xvlqj txdgudwlf frvw
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zklfk irup wkh edvlv ri wkh fxuyhv lq jxuh 4 duh jlyhq lq wkh Dsshqgl{1 Wkh jxuh
vkrzv wkh wudqvihu sulfh ^ xqghu wkh ID dqg VD uhjlphv dv d ixqfwlrq ri wkh wd{
udwh |1
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Iljxuh 4= Wudqvihu sulflqj xqghu ID dqg VD
Lq jxuh 4 wkh erog olqh +wklq olqh, uhsuhvhqwv wkh wudqvihu sulfh fkrvhq xqghu VD
+ID,1 Dv lv hylghqw iurp wkh jxuh/ wkh wudqvihu sulfh zloo xqghu erwk vfkhphv lq
jhqhudo ghyldwh iurp pdujlqdo frvwv +zklfk zhuh qrupdol}hg wr }hur,1 Lq sduwlfxodu/
rqo| iru | ’ fe.D grhv wkh wudqvihu sulfh htxdo pdujlqdo frvw xqghu VD/ zkloh
| r f.H htxdwhv pdujlqdo frvwv wr wkh wudqvihu sulfh xqghu ID1 Ixuwkhupruh/ zkhq
| ’ fc vr wkdw wkh wzr wd{ udwhv frlqflgh/ wkh wudqvihu sulfh lv wkh vdph xqghu ID
dqg VD1
Wkh jxuh vkrzv wkdw wkh wudqvihu sulfh lv orzhvw xqghu ID/ zkhq wkh wd{ udwh lq
frxqwu| E h{fhhgv wkdw lq frxqwu| D/ dqg ylfh yhuvd1 Rqh ohvvrq iurp wkh jxuh lv
wkdw wkh vwudwhjlf hhfw lv txlwh vwurqj xqghu erwk vfkhphv1 Lw fdq ixuwkhu eh vkrzq
wkdw iru wkh wd{ lqwhuydo | " dfc fSo wkh ID vfkhph ohdgv wr pruh wudqvihu sulflqj
wkdq grhv VD +lq wkh vhqvh wkdw wkh wudqvihu sulfh xqghu ID lv ixuwkhu uhpryhg iurp
ixqfwlrqv 0 vkrz wkdw qrupdol}lqj frvwv wr }hur grhv qrw dhfw wkh vlpxodwlrq uhvxowv lq d txdolwdwlyh
zd| +vlpxodwlrqv zlwk txdgudwlf frvw ixqfwlrqv duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw,1 Qrwlfh
wkdw hyhq zlwk frqvwdqw srvlwlyh pdujlqdo frvwv wkh whup CVD@CVE zrxog eh }hur lq jhqhudo1
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wkh wuxh sulfh,1 Wkxv wkhuh duh lqghhg uhdvrqdeoh ydoxhv iru wd{ udwhv zkhuh wkh ID
vfkhph zrxog ohdg wr pruh surw vkliwlqj wkdq wkh VD vfkhph1 Zh vwdwh wklv lqvljkw
dv
Sursrvlwlrq 7Zkhq PQHv hqjdjh lq roljrsrolvwlf frpshwlwlrq lq vrph pdunhwv/
ID pd| zhoo ohdg wr pruh wudqvihu sulflqj wkdq VD1
8 Frqfoxglqj uhpdunv
Lq wklv sdshu zh kdyh vwxglhg wkh lqfhqwlyhv rq wkh sduw ri pxowlqdwlrqdov wr hqjdjh
lq wudqvihu sulflqj xqghu irupxod dssruwlrqphqw dqg vhsdudwh dffrxqwlqj1 D zlgho|
khog eholhi dprqj erwk srolf|pdnhuv dqg hfrqrplvwv lv wkdw d wudqvlwlrq wr d v|vwhp
ri irupxod dssruwlrqphqw zloo holplqdwh wkh surw vkliwlqj lqfhqwlyhv ri pxowlqdwlrq0
dov1 Rxu dqdo|vlv grhv qrw vxssruw wklv eholhi1 Lq sduwlfxodu/ zh qg wkdw lq pdunhwv
lqyroylqj pxowlqdwlrqdov/ surw vkliwlqj lqfhqwlyhv duh qrw holplqdwhg xqghu irupxod
dssruwlrqphqw1 Wkh uhdvrq lv wkdw xqghu roljrsrolvwlf frpshwlwlrq wkh wudqvihu sulfh
wdnhv rq d gxdo uroh dv erwk d vwudwhjlf dqg d wd{ vdylqj ghylfh1 Wkh vwudwhjlf hi0
ihfw dulvhv vlqfh wkh PQHv fdq ehqhw iurp vhwwlqj wkh wudqvihu sulfh dw d fhqwudo
ohyho/ exw ghohjdwh ghflvlrq0pdnlqj derxw txdqwlwlhv +ru sulfhv, lq orfdo pdunhwv wr
lwv d!oldwhv lq wkhvh pdunhwv1 Vlqfh d!oldwhv wkhq wdnh wkh wudqvihu sulfh dv jlyhq/
wkh fhqwudo od|hu ri wkh PQH fdq xvh wkh wudqvihu sulfh dv d vwudwhjlf ghylfh wr
zlq pdunhwv vkduhv lq orfdo pdunhwv xqghu roljrsro|1 Lq sduwlfxodu/ li txdqwlw| lv wkh
vwudwhjlf yduldeoh/ wkh vwudwhjlf hhfw glfwdwhv d vxevlg| wr d!oldwhv lq wkh vhqvh wkdw
wkh wudqvihu sulfh vkrxog eh vhw ehorz pdujlqdo frvwv ri h{sruwlqj1 Wkh wd{ vdylqj
uroh ri wkh wudqvihu sulfh xqghu irupxod dssruwlrqphqw dulvhv/ vlqfh dq lqfuhdvh lq
orfdo vdohv fkdqjhv wkh wd{ oldelolwlhv ri wkh PQH yld d fkdqjh lq lwv dyhudjh hhfwlyh
wd{ udwh1 Wkh vwudwhjlf ehqhwv pd| wkhuhiruh eh frxqwhudfwhg ru hqkdqfhg e| wkh
lqfhqwlyh wr uhgxfh wd{ sd|phqwv/ ghshqglqj rq wkh uhodwlrq ehwzhhq wd{ udwhv lq
frxqwulhv lq zklfk wkh PQH rshudwhv1
Rxu vhfrqg srolf| txhvwlrq frqfhuqhg d frpsdulvrq ri wkh surw vkliwlqj lq0
fhqwlyhv xqghu irupxod dssruwlrqphqw wr wkdw xqghu vhsdudwh dffrxqwlqj1 Li wd{
udwhv duh qrw kduprql}hg/ wkh dqdo|vlv qgv wkdw wkh vwudwhjlf dqg wd{0vdylqj lqfhq0
4:
wlyhv wr h{sorlw wudqvihu sulflqj pd| zhoo eh vwurqjhu xqghu irupxod dssruwlrqphqw
wkdq xqghu vhsdudwh dffrxqwlqj1 Zkhuhdv wkh dqdo|wlfdo frpsdulvrqv ehwzhhq wkh
wzr vfkhphv gr qrw |lhog frqfoxvlyh lqvljkwv/ d vlpsoh qxphulfdo h{dpsoh ghprq0
vwudwhv wkdw wkh lqfhqwlyh wr vhw d orz wudqvihu sulfh fdq eh pruh surqrxqfhg xqghu
irupxod dssruwlrqphqw/ zkhq wkh vxevlgldu| ri wkh PQH h{srvhg wr roljrsrolvwlf
frpshwlwlrq lv orfdwhg lq wkh kljk wd{ frxqwu|1 D jhqhudo ohvvrq wkdw hphujhv iurp
wkh dqdo|vlv/ frquplqj wkh qglqjv ri Vfkmhoghuxs dqg Vßujdug +4<<:,/ lv wkdw wkh
vwudwhjlf lqfhqwlyhv iru wudqvihu sulflqj fdq eh txlwh vwurqj1
Wkh dqdo|vlv lq wklv sdshu kdv dvvxphg jlyhq wd{ udwhv1 Krzhyhu/ ehvlghv di0
ihfwlqj wudqvihu sulflqj rq wkh sduw ri PQHv/ d pryh iurp vhsdudwh dffrxqwlqj wr
irupxod dssruwlrqphqw pd| dovr dhfw wkh jhqhudo ohyho ri frusrudwh lqfrph wd{hv1
Lq d frpsdqlrq sdshu zh h{dplqh zkhwkhu wkh lqwurgxfwlrq ri irupxod dssruwlrq0
phqw lv olnho| wr udlvh ru orzhu wd{hv +fiu1 Qlhovhq hw1 do1 +4<<<,,1
Dfnqrzohgjphqwv
Wklv sdshu zdv zulwwhq zkloh wkh wklug dxwkru zdv ylvlwlqj HSUX lq Frshq0
kdjhq1 Zh zlvk wr wkdqn vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri Frshqkdjhq/ wkh
Xqlyhuvlw| ri Pdftxdulh/ wkh Xqlyhuvlw| ri Iolqghuv/ dqg dw wkh Qruzhjldq Vfkrro
ri Hfrqrplfv dqg Exvlqhvv Dgplqlvwudwlrq iru khosixo frpphqwv dqg vxjjhvwlrqv1
Ilqdqfldo vxssruw iurp Wkh Uhvhdufk Frxqflo ri Qruzd| dqg HSUX lv juhdwo| ds0
suhfldwhg1 Wkh dfwlylwlhv ri HSUX duh qdqfhg e| d judqw iurp wkh Gdqlvk Qdwlrqdo
Uhvhdufk Irxqgdwlrq1
Dsshqgl{
Wkh wzr wudqvihu sulflqj irupxodv ri wkh qxphulfdo h{dpsoh duh
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